A b s t r a c t. Apple blossom or fruitlet thinning is currently the basic care treatment in the production of apples for dessert fruit. It determines the regularity, levels and quality of yields. The fastest method of fruitlet thinning is chemical thinning performed by means of registered purpose-developed preparations. The response of apple trees to chemical thinning is largely dependent on the genetic traits and on the physiological status of the tree, and on the climatic conditions in a given season. Braeburn, and especially its coloured mutations, e.g. Braeburn Mariri Red, is a prospective cultivar for cultivation in Poland, as it stores well without loss of firmness. In addition it is characterised by more sour flesh taste compared to popular apples of cultivars 'Golden Delicious', 'Gala' or 'Jonagold', due to which it can be in demand in periods when apples of cv. 'Antonówka' are no longer available.
INTRODUCTION
Poland is a leading producer of apple in the EU, as since 2011 it ranks the 1 st in terms of yields (http://www.wapa-association.org/docs/2019/European_summa-ry_reduced.pdf.). Production of about 4 million tons of apples vastly exceeds the demand of the local market, making exports a necessity. High consumer requirements concerning apple quality stimulate the producers to apply ever newer and more effective cultivation technologies. The basic treatment that determines annual yields of apples of suitable quality is the thinning of apple blossom or fruitlets. The thinning can be performed by hand or chemically. The effectiveness of chemical thinning depends to a high extent on the kind of preparation used, on the climatic conditions, and on the response of apple cultivars (Link 2000) .
In Poland the use of chemical preparations for apple fruitlet thinning is subject to legislative regulation, and they have to be approved and registered as plant protection agents. At present, preparations based on cytokinins and metamitron are approved for application in apple orchards. Preparations with cytokinins in their composition have been in use for the control of fruit tree crop load for a long time now. Cytokinins are highly important phytohormones, synthesised in the roots, involved primarily in cell division and in the processes of senescence. Cytokinins, in the form of 6-benzyladenine, were introduced as chemical thinners in the nineteen eighties (McLaughlin and Greene 1984) . It was observed that BA (benzyladenine) increases fruit mass not only through a reduction of yield (Elfving and Cline 1993, Ferree 1996) , but also has a direct impact (Greene 1993 (Greene , 2005 on increased fruit size through stimulation and intensification of cell division in growing fruits (Wismer and Proctor 1995) .
The preparation Brevis contains metamitron which is an inhibitor of photosynthesis. Photosynthesis occurs in two stages -light (light-dependent reactions) and dark (light-independent reactions). The light-dependent reactions take place in the chloroplast thylakoids, which contain light-absorbing pigments and two centres of light energy transformation into chemical energy, referred to as photosystem II (PS II) and photosystem I (PS I). The result of the processes taking place during the light stage is the formation of ATP and NADPH which are then used in the dark stage of photosynthesis. Metamitron, affecting the process of photosynthesis, blocks the transport of electrons through photosystem II, which results in accumulation of energy and consequent degradation of chlorophyll and carotenoids. It can also inhibit photosynthetic phosphorylation and electron acceptance. Metamitron disturbs electron transport in PS II, inhibiting the transformation of light energy into chemical energy. This has an impact on fruit setting and growth, as a result of affecting the level (reserve) of carbohydrates in the plant. It works in conformance with the hypothesis that carbohydrate deficit in fruits is one of the first symptoms of susceptibility to fruit shedding or fruit keeping (McArtney and Obermiller 2014).
Russia's ban on Polish apples caused the necessity of change in the structure of apple cultivars. Highly popular in countries of Western Europe is the cultivar Braeburn whose fruits, after being taken out of cold storage, maintain high quality for a very long time. Apple tree cv. 'Braeburn Mariri Red' is a French mutation of 'Braeburn', isolated due to its better colouring of the skin.
The aim of the experiment presented here was to determine the optimum method of thinning of fruitlets of apple tree cv. 'Braeburn Mariri Red' with the use of the chemical thinners Brevis 150 SG and MaxCel.
MATERIAL AND METHOD
The experiment was conducted in the years 2016-2017. The experimental material consisted of six-and seven-year old trees of the cultivar 'Braeburn Mariri Red'/M.9 T337, growing in a private orchard in the locality of Stryjno. The trees were planted in rows oriented in the north-south direction, with spacing of 3.0 × 0.8 m. The protection of the trees against pests was applied at conformance with current recommendations for production orchards. Fertilisation was applied following the YARA program. For each of the methods of thinning 10 trees were used, with uniform growth intensity and similarly abundant blossom in 2016. The experimental trees were selected at random along the rows. Thinning was performed using the preparations Brevis 150 SG and MaxCel, approved and registered in Poland, individually or in a mixture.
Brevis 150 SG contains metamitron (a compound from the group of triazines) at 150 g kg -1 (15%). It is produced in the form of water-soluble granules, for use as a thinner for apple and pear trees. It is the most effective at temperature of 10-25°C, and its effect is stronger in the shade, after sunset or under anti-hail protective netting.
MaxCel is a preparation containing 6-benzyladenine at 20 g l -1 (1.9%), amended with a surfactant allowing better absorption of active substance. It occurs in liquid form, and it is recommended to apply at temperature >15°C (optimum 20-25°C), assuming the temperature remains stable for 2-3 days after the application.
The chemical thinning treatments were performed on the 28 th of May in 2016 and on the 26 th of May in 2017 (Figs 1 and 2), as follows:
• Control treatment (no thinning); • Thinning by hand (after fruitlet dropping); • Brevis 1.1 kg; (1000 l water ha -1 ), at central fruitlet diameter of 10-12 mm; • MaxCel 5 l ha -1 ; (1000 l water ha -1 ), at central fruitlet diameter of 10-12 mm; • MaxCel 7.5 l ha -1 ; (1000 l water ha -1 ), at central fruitlet diameter of 10-12 mm; • MaxCel 5 l ha -1 + Brevis (1.1 kg ha -1 ; 1000 l water ha -1 ), at central fruitlet diameter on older wood of 10-12 mm. Apple harvest was conducted on the 21 st of October in 2016, and on the 20 th of October in 2017, separately for each tree, and total yield was determined in the number of apples and in kg tree -1 . At the moment of the harvest, 100 fruits were taken from each of the thinning treatments, and the share of fruits from the individual size classes was determined. Other determinations included the following: • mass of a single fruit (g), by means on an electronic balance; • fruit diameter and height, using an electronic caliper; • fruit colouring, in 1-5 scale, on twenty fruits, where 1 -0%; 2 -1-25%, 3 -26-50%; 4 -51-75% and 5 -76-100% of the fruits covered with skin blush; • flesh firmness of the fruits (kG cm -2 ), on twenty fruits -measurement taken on fruits with and without blush using the Magness-Taylor firmness tester; • extract content in the fruits (%), on twenty fruits, using the Abbe refractometer;
• dry matter content (%), with the over-dry method, in three replicates.
The results were processed statistically using the method of the analysis of variance. Significance of differences was determined using the Tukey test at significance of 5%, in the program STATISTICA for Windows ver. 5.5A.
RESULTS AND DISCUSSION
In 2016, each of the methods of thinning, apart from thinning by hand, caused a significant reduction of yield (pcs/ha) in relation to the control treatment (Tab. 1). The highest effect of thinning was noted for the combination MaxCel/Brevis. In the following season, no significant differences in the yield were content relative to the control. Based on the mean value for the two years it was demonstrated that thinning with the use of the preparations MaxCel/Brevis caused a significant reduction of yield expressed as pcs/tree relative to the control. Estimating the effect of the various thinning methods on total yield expressed in kg tree -1 , it was noted that in 2016 only trees treated with the preparations MaxCel/Brevis produced considerably lower yields than the control trees. In the subsequent season of the experiment no significant differences in the value of that parameter were noted relative to the control, apart from the treatment MaxCel 5 l, where the mass of the yield was significantly higher. Based on the mean value for the two years, it was noted that thinning caused a reduction of yield expressed in kg tree -1 , but only after the treatment with the preparations MaxCel/Brevis that reduction was significant, relative to the control.
The mean total yield expressed in pcs/tree was notably lower in 2016 than in the following year, but the difference in mass yield was not significant. The very clear response of the trees to chemical thinning in the first season of the experiment may be a result of more favourable temperature conditions during the treatment application ( Fig. 1) . It is common knowledge that climatic conditions, and especially the temperature, have an impact on the effectiveness of thinning with the use of BA (Williams 1994 , Greene 2002 ) and that cytokinins require high temperatures (Bound et al. 1997) . Byers (2002) emphasised that in the conditions of strong cloud cover and high temperature excessive thinning is often observed after the application of chemical thinners. Whereas, the same preparations applied at strong cloud cover but at low temperatures are considerably less effective. Olien and Bukovac (1978) demonstrated that lower temperatures can inhibit or delay the effect of hormones due to an unsuitable level of metabolic transformations in the plant. In such conditions the effectiveness of the preparations is reduced, and determines the formation of a barrier layer between the fruitlet petiole and the shoot. In addition, one can suppose that after a year of poorer yielding the trees produced higher quality flower buds which set stronger fruitlets, less susceptible to the preparations applied, especially at too low air temperature.
The yield structure in 2016 improved after the application of the thinning treatments, with the exception of MaxCel 5 l, where the percentage of fruits with diameter smaller than 65 mm increased relative to the control. In the remaining treatments the share of fruits with diameters greater than 75 mm was higher than 71% (Fig. 3) . In 2017 none of the thinning methods eliminated fruits with diameters smaller than 65 mm from the yield. The best yield structure was noted after thinning by hand, where the share of fruits with diameters above 75 mm increased to 26% (Fig. 4) . In 2016, the yield structure and the quality traits of fruits, such as the mass of a single fruit, fruit size (diameter, height), attained higher values even though the yield expressed in kg tree -1 was similar in both years of the study. This results from the fact that in 2016 the trees were loaded with a considerably smaller number of fruits than in 2017. Increase in the number of fruits often caused a deterioration of yield structure and smaller mass of a single fruit at the time of harvest (Palmer et al. 1997 , Wünsche et al. 2000 , Wünsche and Ferguson 2005 , de Salvador et al. 2006 . Palmer et al. (1997) demonstrated that apple trees cv. 'Braeburn'/M26, a lower-yielding cultivar, produced apples of higher quality, i.e. with better colouring, and higher content of extract and dry matter. They noted that a strong yield delayed fruit ripening and had a negative effect on the content of sugars and acids, and on flesh firmness. In the experiment presented here, apples from trees with smaller number of fruits (in 2016) had larger dimensions, but in terms of dry matter content and firmness they showed lower values than those from trees that produced higher yields in 2017. One can assume that the trees, after a season of poor fruition, produced buds of high quality which formed fruits with high quality parameters as regards flesh firmness and dry matter content. Schwabe (1978) demonstrated that a high yield of apple trees caused notably poorer blossom in the following year, and the formed buds were distinctly smaller than after a year of poor yields. Buszard and Schwabe (1995) compared the quality of flowers of apple trees cv. 'Koksa Pomarańczowa' after years of abundant and poor yields and concluded that flowers from trees on which strong thinning was applied were characterised in the following season by greater ability of fruit setting. This resulted from their better quality, consisting in better developed carper stigma and bigger stamens. In 2016, most of the methods of thinning caused a considerable increase in apple mass relative to the control fruits, with the exception of treatment MaxCel 5 l (Tab. 2). In the following season of the experiment, a significant increase in the value of the trait in question was noted only after thinning by hand. Based on the mean values from the two years, one can note that each method of thinning caused an increase of fruit mass, except for the treatment MaxCel 5 l.
In 2016, each method of thinning, except for MaxCel 5 l, caused a significant increase of apple diameter relative to the control. In the following season, apples from trees subjected to thinning also had a notably larger diameter than control fruits, except for the application of MaxCel/Brevis. Based on the mean values for the two years, a significant increase of that parameter was noted following each of the thinning methods, except for the treatment MaxCel 5 l. *mean values in a column, denoted with the same lower-case letter, do not differ statistically at significance level P < 0.05; ** mean values in a line, relating to a given parameter, denoted with the same capital letter, do not differ statistically at significance level P < 0.05.
In certain experiments (Bubán 2000) , an elongation effect on apple was noted after the application of cytokinins. However, in this experiment the one-time application of MaxCel did not produce such an effect. Estimating the height of apples in 2016 it was observed that the treatments with thinning by hand, Brevis 1.1 kg and MaxCel/Brevis caused a significant increase in the value of that parameter. In the second year of the study only the treatment with thinning by hand caused a significant increase of apple height. Mean values for the two years indicate that only the application of MaxCel/Brevis caused a significant increase of fruit height relative to the control. Decrease of the number of fruits is usually correlated with increase of apple size. According to Meland (2009) , decrease of the number of fruits on a tree as a result of thinning caused an increase of leaf area per fruit, and thus improved the accessibility of assimilates to the remaining fruits.
Apple skin colouring is one of the factors that determine market acceptance. Red colour depends on the amount of anthocyanins accumulated in the skin, and is largely related to genetic traits, weather and habitat conditions, fertilisation, and also the degree of maturity of fruits (Telias et al. 2011) . Usually, consumers prefer apples with stronger colouring, so apple producers seek ways of improving the value of that parameter. Meland (2009) observed that increase of apple tree yielding was related to a smaller percentage cover of the fruits with blush, which would indicate a positive effect of thinning on apple colouring. However, the results of this experiment do not support that opinion. Results from 2016 and the mean values for the two years did not indicate any significant reduction in the level of colouring under the effect of thinning. Whereas, in 2017, fruits from trees treated with Brevis 1.1 kg and MaxCel/Brevis were notably less coloured than the control fruits.
Certain researchers noted that after the application of benzyladenine, even if it did not produce the effect of thinning, apples were characterised by higher values of such quality parameters as the content of extract and flesh firmness (Greene et al. 1990) . In this study, estimation of apples in terms of flesh firmness in 2016 showed a significant increase of its value after the application of Brevis 1.1 kg and MaxCel 5 l (Tab. 3). *mean values in a column, denoted with the same lower-case letter, do not differ statistically at significance level P < 0.05; ** mean values in a line, relating to a given parameter, denoted with the same capital letter, do not differ statistically at significance level P < 0.05.
In the following season, no significant increase of flesh firmness was observed, and apples from trees treated with MaxCel 7.5 l were characterised by significantly lower flesh firmness than the control apples. Based on the mean values for the two years it was found that apples from trees treated with Brevis 1.1 kg had significantly higher flesh firmness, while after the application of MaxCel 7.5 l its value was notably lower, relative to the control. Apple flesh firmness is a highly important property that determines acceptance by consumers (Jaeger et al. 1998) . It is closely correlated with flesh crunchiness and juiciness, and inversely with flesh mealiness. Mehinagic et al. (2006) used a penetrometer to test the value of force required for point-wise penetration of apple flesh to the depth of 10 mm and found that apples cv. 'Braeburn' were characterised by the highest values of firmness relative to the highly popular cultivars 'Golden Delicious' and 'Fuji', both at the moment of harvest and after a period of storage.
In 2016, the content of extract was at a stable level and only fruits from trees treated with MaxCel/Brevis had higher values of that parameter. In the following season, apples from trees thinned by hand were characterised by significantly higher values of that parameter relative to the control. Based on the mean values for the two years of the study, it was determined that fruits from trees treated with Brevis 1.1 kg and MaxCel/Brevis were characterised by considerably higher values of extract content relative to the control.
In 2016, dry matter content after the application of Brevis 1.1 kg and MaxCel/ Brevis was significantly higher relative to the control, while after thinning by hand a significant decrease was noted in the value of that parameter. In the next season, apples were characterised by a fairly uniform content of dry matter, and only after the application of trees with MaxCel 5 l caused a significant increase in the values of that parameter relative to the control. Based on the mean values for the two years of the experiment, it was observed that only the application of MaxCel/Brevis caused a significant increase of dry matter content relative to the control.
Combined spraying with two preparations often results in very strong thinning. Multiple applications of preparations or their mixtures are sometimes used to achieve a satisfactory level of fruitlet thinning, in situations when a one-time application of thinners at a given dose is insufficient (Wertheim 1998 , Gabardo et al. 2017 . In this experiment, combined application of the preparations MaxCel/Brevis produced the best thinning effects through a distinct decrease of yield and improvement of most of the analysed quality parameters of apples, relative to the control. Also Radivojevic et al. (2019) demonstrated that the use of a mixture of BA and metamitron can alleviate the unfavourable effect of low temperatures (below 10°C by night and below 20°C in daytime). The application of that mixture caused a significant increase in fruit dimensions and an improvement of yield structure. CONCLUSIONS Apple trees cv. 'Braeburn Mariri Red' can be successfully cultivated in the conditions of south-east Poland, but fruitlet thinning is necessary to obtain fruits of high quality. The effects of thinning depend on the weather conditions in a given season and on the condition of the trees. Each of the thinning methods used in the study caused a significant improvement of fruit size relative to the control. Only the application of MaxCel at the lower dose of 5l ha -1 proved to be completely ineffective in both seasons of the study, due to a lack of improvement of yield structure, fruit mass, and also fruit diameter and height. The application of Brevis 1.1 kg ha -1 and MaxCel 7.5 l ha -1 caused comparable effects on yield level and structure, but apples from trees treated with Brevis 1.1 kg ha -1 were characterised by notably higher flesh firmness.
The best effects of thinning were noted after the combined application of the preparation MaxCel/Brevis, as the yield was considerably lower than in the control treatment, and the fruits were characterised by the highest values of the analysed quality parameters: fruit mass, diameter, height, content of extract and of dry matter.
